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1 INTRODUCTION 
The application of immobilizing agents to contaminated soils is a remediation technique that reduces both mobility 
and bioavailability of trace elements (Vangronsveld et al., 1998). Stabilization can be achieved by adding 
amendments (lime, apatite, zeolites, materials with high organic matter content, manganese - Mn and iron - Fe 
oxides) that are able to absorb, complex or (co)precipitate trace elements (Bolan et al., 2003). Incorporation of low-
cost, widely available materials, into soil for contaminant immobilization offers various potential advantages over 
other methods such as cost, simple methodology and low environmental impact. In addition, amendments may 
enhance soil fertility and microbial activity.  
On the other hand, vegetation plays a crucial role in the restoration of such degraded areas, because it 
stabilizes pollutants in the root system, reducing water pollution, and prevents wind-blow of contaminated particles 
(Tordoff et al., 2000). The revegetation of trace element polluted areas is a difficult task because of the influence of 
many-limiting factors. Ecotoxic effects of soil pollution can be an important factor; in addition, other factors such as 
high irradiance, nutrient deficiencies and poor substrate structure can be also detrimental for plants (Tordoff et al., 
2000). Moreover, the accumulation of high concentrations of trace elements in aerial plant biomass should be 
avoided because that would facilitate their entry into the food chain and increase their concentration on the soil 
surface upon litter fall (Pérez de Mora et al., 2006a). Thus, a study of soil properties and vegetation development is 
necessary to evaluate the effectiveness of remediation measures on ecosystem ecology and risk posed by the trace 
element content of a soil 
In this study we evaluated the mid–term effects of an inorganic and an organic amendment, and the 
establishment of rosemary (Rosmarinus officinalis) on chemical and biochemical properties in a trace element 
contaminated soil (Cabrera et al., 1999).  
2 MATERIALS AND METHODS 
The experiment was carried out in 16 containers placed outdoors. The containers were filled with the upper 20 cm of 
a soil affected by the Aznalcóllar mine spill (see general characteristic Table 1).  
TABLE 1 General characteristics of the soil and amendments. Mean values are shown 
pH EC TOC N P K As Cd Cu Mn Pb Zn 
Soil 3.32 - 5.40 0.90 0.42 2.30 120 2.43 78.3 645 201 226 
OA 6.93 2.91 195 13.1 12.4 9.30 5.63 0.73 121 257 137 258 
IA 9.04 0.93 67.0 9.80 5.10 5.30 1.63 0.43 51.0 297 39.2 138 
OA: biosolid compost; IA: sugar beet lime; TOC: Total Organic Carbon; EC: Electrical conductivity 
Containers were arranged according to a complete randomized block design with four treatments (one 
organic amendment, one inorganic amendment and two untreated controls) and four replicates per treatment. The 
organic treatment was a biosolid compost (OAR) constituted from wastewater sludge from a water treatment plant 
and green waste from parks and gardens (EGMASA, Sevilla, Southern Spain). The inorganic treatment was a sugar 
beet lime (IAR), a residual material from the sugar manufacturing process with 70-80% of calcium carbonate - 
CaCO3 (dry basis) (AZUCARERA EBRO, Southern Spain). Amendments were applied and mixed within the top 
soil (10 cm) in the containers to simulate potential field application. Each amendment was applied twice: initially 
(February 2002) (70 Mg ha-1 dw for biosolid compost and 50 Mg ha-1 dw for sugar beet lime) and after 12 months 
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(35 Mg ha-1 dw for biosolid composts and 25 Mg ha-1 dw for sugar beet lime). Two control treatments without 
amendments were also established: control with plant (NAR) and control without plant (NA). The characteristics of 
the amendments are shown in Table 1. 
Rosemary saplings (one year old) were grown in a local nursery until transplant. This specie was used for 
phytostabilization of trace elements in contaminated soils of Aznalcóllar. In October 2006 (3 years after the last 
amendment addition), two rosemary saplings were transplanted into every container, except in the NA containers. 
Rosemary leaves were sampled in 2006 and 2007. Four rosemary saplings were also planted in a non polluted soil to 
be used as control plants. Each rosemary plant was monthly measured for shoot height. 
Soil samples were taken in October 2007 (0-20 cm depth), air-dried, crushed and sieved (2 mm) prior to 
preparation for chemical analysis. Soil pH was measured in a 1:2.5 (w/v) sample/1 M KCl. Total organic carbon 
(TOC) was analyzed by dichromate oxidation and titration with ferrous ammonium sulphate. Water-soluble carbon 
(WSC) was obtained from an aqueous solution (1:10, (w/v) soil/water) and analyzing the extract in a TOC-VE 
Shimazu analyzer. Soil 0.01M CaCl2 soluble trace element concentrations (Ure et al., 1993) were determined in 1/10 
(w/v) soil (<2 mm)/0.01M CaCl2 extract by ICP-OES. Total trace element concentrations in soil (<60 μm) were 
determined by ICP-OES following aqua regia digestion in a microwave oven. The accuracy of the analytical 
method was assessed by carrying out analyses of the BCR (Community Bureau of Reference) reference samples: 
BCR 320R (Channel sediment). 
Plant samples were washed with a 0.1 N HCl solution and with demonized water, and then dried at 70º C 
and ground. Trace elements were extracted by wet oxidation with concentrate HNO3 under pressure in a microwave 
digester, and the extracts analyzed by ICP-OES. The accuracy of the analytical method was assessed by carrying out 
analyses of the BCR reference sample DC 73350 (Populus leaves). 
Soil subsamples for microbial analysis were taken and stored at 4 °C at their field moisture content. 
Microbial biomass carbon (MBC) content was determined by the chloroform fumigation–extraction method 
modified by Gregorich et al. (1990). Concentration of C in the extract was measured by a TOC-VE Shimazu 
analyser. Two hydrolases closely related to nutrient (S and N) cycling were assessed: arylsulphatase and protease. 
Arylsulphatase activity was determined after soil incubation with p-nitrophenyl sulphate, and measurement of p-
nitrophenol (PNF) absorbance at 400 nm (Tabatabai and Bremme, 1970). Protease activity was measured after 
incubation of soil with casein, and the measurement of the absorbance of the extracted tyrosine at 700 nm (Ladd and 
Butler, 1972).  
One way ANOVAs were used for the comparison of the treatments on soil properties and trace element in 
soils and plants. When significant differences were found, a multiple comparison of mean values was determined by 
the Tukey test at P < 0.05. Data normality was tested prior to analysis, and when necessary, variables were 
transformed logarithmically. If after transformation, the data did not fit a normal distribution, we used the non-
parametric Kruskal-Wallis analysis of ranks. 
3 RESULTS AND DISCUSSION 
Values of pH were significantly higher in amended (OAR and specially IAR) than in non amended soils (NA and 
NAR) (Table 2), showing the positive effects of amendment application increasing the pH of the acid and trace 
element polluted soil (Madejón et al., 2006). The highest values of TOC and WSC were found in OAR soil where 
the organic amendment was applied. Values of TOC in IAR were higher than those of the non amended soils. 
  
TABLE 2  Mean values of pH, TOC, and Water Soluble C (WSC) and CaCl2-extractable trace elements 
concentrations at NA, NAR, OAR and IAR soils in 2007. For each parameter, values followed 
by the same letter do not differ significantly.  
Treatment pH TOC (%) WSC (mg kg-1) Cd (mg kg-1) Cu (mg kg-1) Zn (mg kg-1)
NA 5.05 a 0.76 a 78.3 a 0.026 c 0.089 a 1.67 b 
NAR 5.48 a 0.97 b 113 ab 0.033 bc 0.101 a 3.69 b 
OAR 6.63 b 1.29 c 181 c 0.009 b 0.187 b 0.23  b 
IAR 7.39 c  1.04 b 150 bc 0.003 a 0.106 b 0.10 a 
  
 Table 3 shows total contents of As, Cd, Cu, Pb and Zn in soils. For all treatments these contents were 
higher than background values in the area (Cabrera et al., 1999) and no significant differences among treatments 
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were found. However, as trace elements occur in different species with different solubility, values of total trace 
element contents of soils cannot be used to estimate their mobility and availability for ecological processes. 
According to Kabata-Pendias (2004) extraction with 0.01M CaCl2 is an adequate method to extract bioavailable 
trace elements. Amended soils (OAR and IAR) showed CaCl2-extractable Cd and Zn contents lower than non 
amended soils (Table 2). Concentrations of CaCl2-extractable As and Pb were always below detection limits (0.1mgL-1). 
The lower availability of Cd and Zn in the amended soils could be mainly related to the alkalinisation of 
these soils due to amendment addition, and for organic amendments to the stabilization of trace elements by 
sorption, chelation and sequestration by the solid and soluble fractions of organic matter. In contrast, values of 
CaCl2-extractable Cu were significantly higher in amended than in non amended soils likely due to the input of this 
metal through the amendments. Moreover, Cu could form soluble complexes with organic matter that increase its 
solubility. 
TABLE 3   Total concentration (mg kg-1) of trace elements at NA, NAR, OAR and IAR soils in 2007. For 
each parameter values followed by the same letter do not differ significantly (P<0.05).  
Treatment As Cd Cu Mn Pb Zn 
NA  124 a 2.30 a 84.1 a 360 a 219 a 167 a 
NAR  115 a 2.18 a 79.9 a 339 a 222 a 150 a 
OAR  109 a 2.12 a 88.3 a 487 a 213 a 208 a 
IAR  107 a 2.68 a 87.7 a 607 a 210 a 247  a 
Background values* 18.3 0.33 30.9 678 38.2 109 
*According to Cabrera et al., 1999 
Microbial biomass carbon (MBC) has been widely used as an option to evaluate soil quality (Gil-Sotres et 
al., 2005). The effects of amendments and to a lesser extent rhizosphere have a positive effect on improving this 
parameter in soils. The greatest values of (MBC) were found in amended soils (OAR and IAR) with significant 
differences compared to NA and NAR (Figure 1). Enzyme activities have been tested as indices of soil fertility, soil 
quality, soil productivity, pollution effect and nutrient cycling potential (Dick, 1994). Differences in enzymatic 
activities among treatments depended on the activity studied (Figure 1), but the highest activity values were found in 
amended soils. In the case of aryl-sulphatase activity mean values in soils with rosemary (NAR, OAR, IAR) were 
greater than in NA soils, however differences were only significant in amended soils (OAR and IAR). 
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FIGURE 1  Mean values and standard deviation (SD) of microbial biomass carbon and enzymatic activities. 
For each treatment bars with the same letter differ significantly.  
Protease activity also reached the highest value in IAR treatment although significant differences were not 
found. This activity is involved in the cycle of N. For this activity the presence of rosemary in the containers (NAR, 
OAR and IAR) is positive. The presence of a root system could have contributed to the increase MBC and hydrolase 
activities. Plants excrete 10-20 % of their photosynthetates as root exudates, which can serve as substrates for the 
microbial community, thus increasing the number of microorganisms in the soil (Salt et al., 1998). 
Rosemary survival was 100% in all treatments, and showed similar height than plants growing in not 
polluted soils. Trace elements contents in rosemary leaves are shown in Figure 2. Trace elements concentrations 
were always within the normal range for plants of all studied treatments. In general, concentrations of As, Cd, Cu 
and Zn in plants growing in polluted soils were very similar in all treatments and significantly greater than in control 
plants (CR). Trace element contents in plants were never above maximum levels tolerated by livestock. 
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FIGURE 2  Trace element concentrations (mean values and standard deviation, SD) in rosemary leaves 
growing under different treatments and in CR control soils. Bars with different letters are 
significantly different. Normal ranges in plants growing in uncontaminated soil according to 
Chaney (1989). 
4 CONCLUSIONS 
The use of amendments improved quality in trace element contaminated soils by the increase of pH and organic 
matter content and enhanced biochemical properties. Rosemary helped the effectiveness of the amendment in the 
soil quality improvement. Despite of the contamination by trace elements in soils negative effects were not found in 
plant performance and these elements were within the normal levels in plants. 
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